ABSTRACT
INTRODUCTION

Wavelets have proved their capabilities in detecting horizontal, vertical and punctual singularities. On the contrary, the analysis of edges that are not straightly horizontal or vertical with a separable orthonormal wavelets base is not optimized. In fact wavelets coefficients that represent such edges will be found in each subband at the different resolutions. Over the past decade, several image representations have been developed to overcome the lack of the wavelets in term of edges orientation and anisotropy, but keeping its advantage in multiresolution, both spatial and frequency localization and critical sampling.
Two different ways can be found in the literature to build a suitable representation. On one hand some new bases have been developed to take into account more orientations. On the other hand some transformations apply a wavelet transform using an adapted lifting scheme based on the content of the considered image.
Among the transformations using a fixed base, 
ORIENTED LIFTING SCHEME
The 1-D wavelet transform can be implemented by a lifting scheme 7 providing an in-place tranformation that predicts odd samples from the even ones, and then updates the values of even samples with the computed prediction error (see figure 1) . The standard bidimensional wavelet transform is thus implemented by two successive lifting schemes, one along the lines, and the other one along the columns.
prediction step update step Figure 2 . An example of a column-based lifting scheme
LIFTING FILTERING IMPLEMENTATION
Two different implementations of the lifting scheme have been studied. The main difference between these two schemes lies in the selection of neighboring pixels to be used in the prediction of the current pixel (x c , y c ). In the first scheme, the filtering process is applied on an 8-connected discrete line, like in, 8 defined by a (p, q) direction vector whereas in the second implementation, the neighbors' positions are determined by an orientation angle and the associated value is interpolated. As seen in the previous section (and the appendix), provided the interpolation is equivalent to a linear combination of pixels from the same row or column, the reconstruction remains perfect. In the following descriptions of these two implementations, we will assume that a column-based lifting is perform first, followed by a line-based lifting to simplify the notations.
(p, q)-lifting scheme
In this first version, the region is partitioned into 8-connected discrete lines 9 defined by :
where (p, q) is a vector representing the lines orientation (see figure 3 ).
As an example, the left neighbor pixel of (x c , y c ) is the 8-connected pixel on the left column that lies on the same discrete line defined in (eq. 1), e.g. the pixel (x c − 1, y l ) where
.
After a column-based lifting along (p, q), if we want to apply a line-based lifting in the orthogonal direction on a previous resulting subband, we need to deal with the horizontal subsampling. Therefore the orthogonal lifting will be processed along
(− q 2 , p) if q is even, else (−q, 2p) instead of (−q, p).
This implementation has a few drawbacks. The definition of the discrete path along which the region is filtered depends on the choice of the region origin. Although the modification of the filtering path is weak, it can have important consequences near edges. Indeed, prediction and update of a pixel close to a natural edge may not be efficient because it can use neighbors that lie on both sides of the edge. This problem doesn't occur when filtering along the gradient direction, but in the direction of regularity. Furthermore the irregularity of the local orientation of a discrete line leads to a large variation of the prediction errors while filtering an edge that does not exactly match the filtering orientation (see figure 6-d).
For these reasons we propose the following lifting scheme. As an example, the left neighbor pixel of (x c , y c ) is the interpolated value of the pixel (x c − 1, y c − tan θ). figure 5 ). From the position and the orientation of the edges, the image is segmented in two steps as described in figure 7 . The first step consists of building a quadtree where each leaf is associated to a significant orientation or no specific orientation. Then the image is split into two components: the mostly horizontal component which will first be column-based lifted, and the mostly vertical one which will be first line-based lifted. These two steps are computed on both the coder and the decoder from the only edge information. These two components are thus filtered independently to finally produce four subbands :
θ-lifting scheme
After a column-based lifting using θ as an orientation, if we want to apply a line-based lifting in the orthogonal direction on a previous resulting subband, we need to deal with the horizontal subsampling too. Therefore the orthognal lifting will be processed using the orientation
π 2 + arctan tan θ 2 instead of π 2 + θ.
Contrary to the first implementation, this lifting scheme is less sensitive to the real edge orientation, but we still observe poor prediction near edges (see figure 6-e).
EDGE DRIVEN FILTERING
EDGE DRIVEN ORIENTED WAVELET TRANSFORM (EDOWT)
• LF which contains the low frequencies along the two successive filtering directions
• HF Ortho, the low frequencies along the directions of regularity, and the high frequencies along its orthogonal directions
• HF Reg h , the high frequencies along the directions of regularity for the mostly horizontal component
• HF Reg v , the high frequencies along the directions of regularity for the mostly vertical component.
Oriented-based quadtree segmentation
From the information of position and orientation of the extracted edges, a histogram of the orientation of the edge elements can be computed for any block of the image. Therefore a quadtree is built where each leaf follows the rules:
• if the leaf does not contain any edge element, the leaf is considered as the background, and no specific orientation is associated;
• if a significant number of edges elements, e.g. 75%, belong to the same orientation class, then this orientation is chosen as the regularity orientation; else, the leaf is split until its size reaches a predetermined minimum without satisfying the previous conditions. Therefore the leaf is considered as texture, and no specific orientation is associated. figure 8-b This segmentation into two independent components may lead to block artefacts, therefore it is important to minimize the boundaries between these components. In the current version of the algorithm, the quadtree is traversed from the leaves to the root and the undefined leaves are labeled based on criteria such as the number and configuration of horizontal and vertical siblings already labeled. 
At this point of the algorithm, we classify the leaves of the quadtree into three categories:
mostly horizontal (θ ∈] − π 4 + kπ, π 4 + kπ[, k ∈ Z)
Direction-based quadtree segmentation
A column from a mostly horizontal leaf can be predicted using an adjacent column of another mostly horizontal leaf no matter what their filtering orientation is because it still uses even columns to predict odd ones, and then odd columns to update even ones (see figure 8-a). This also makes a hypothetical merging step in the quadtree segmentation useless because it is already done implicitly.
On the contrary, a column from a mostly horizontal leaf can not always be predicted from a column that belongs to a mostly vertical leaf because this later column contains both original pixel values and prediction error values (see
Filtering process
The two resulting components are filtered independently. A column-based lifting along the directions of regularity is applied on the mostly horizontal component that produces LF Reg h and HF Reg h whereas a line-based lifting is applied on the mostly vertical component to produce LF Reg v and HF Reg v . A line-based lifting along the orthogonal directions of the directions of regularity is then applied on the low frequency subband LF Reg
RESULTS
The different steps of the EDOWT are illustrated in the figure 10 with The results given in the 
A.1.6. Lifting: direct transform 
where: A = (α i ) 0≤i<n and B = (βi) 0≤i<n (9) and:
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